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Temperature, pressure, and magnetic field dependencies of the resistivity of BaVS3 were measured
above the critical pressure of pcr=2 GPa, which is associated with the zero temperature insulator-
to-metal (MI) transition. The resistivity exhibits the Tn temperature dependence below Tg ≈15 K,
with n of 1.5 at pcr, which increases continuously with pressure towards 2. This is interpreted as a
crossover from non-Fermi (NFL) to Fermi-liquid (FL) behavior. Although the spin configuration of
the eg electrons influences the charge propagation, the NFL behavior is attributed to the pseudogap
that appears in the single particle spectrum of the d2z electrons related to large quasi-one dimensional
(Q-1d) 2kF -CDW fluctuations. The non-monotonic magnetic field dependence of ∆ρ/ρ reveals a
characteristic field B0 ≈12 T attributed to the full suppression of the pseudogap.
PACS numbers: 71.10.Hf, 71.30.+H, 72.80.Ga
BaVS3 is a strongly correlated electron system which
combines the properties of quasi-one dimensional (Q-
1d) conductors, heavy fermion systems and conventional
transition metal compounds. This versatility places it in
the focus of experimental [1, 2] and theoretical [3] inves-
tigations. The major challenges are the understanding
of the metal-insulator transition, the magnetic structure
and the high-pressure Non-Fermi liquid (NFL) state of
the compound.
V and S atoms in BaVS3 form well separated 1d VS3
chains. At high temperatures, it is a metal with its V
d1-electron shared between the broad Q-1d d2z band and
the narrow, but more isotropic eg band [4]. In X-ray
scattering diffuse lines show up below 150 K as the pre-
cursors to the charge density wave transition (MI), which
happens at TMI ∼69 K [2]. The 2kF value deduced from
the position of the diffuse lines indicates that, already
at temperatures well above TMI , half of the V-electrons
are in the d2z band, which gives a 1/4 filled band. This
commensurability of 4 represents a rather weak potential
[5] and is thus not sufficient alone to account for the 1/4
filling of the d2z band. This is, in part, attributed to the
large on-site coupling [3] between the d2z and eg electrons,
which also tends to align their spins according to Hund’s
rule. It should be noted that due to the commensurabil-
ity effect of the order 4, the charge density wave (CDW)
may also be accompanied by spin density wave (SDW)
fluctuations[5, 6].
The site degeneracy of the eg states is lifted by the
Jahn-Teller distortion below TS ∼230K, which leaves one
eg state per site below the Fermi level. As a result BaVS3
is close to a two-band system with 1/2 + 1/2 sharing of
the electrons. Coulomb interactions in the narrow eg
band are presumably comparatively large in contrast to
the d2z band. They are however not large enough to lo-
calize completely the eg electrons in the metallic phase,
where the latter are believed to ensure the relatively large
interchain conductivity σa/σc ∼1/3 [7].
Concerning the magnetic properties, the MI transition
produces a cusp in the large, anisotropic Curie-Weiss
magnetic susceptibility in pure BaVS3, [7]. Unlike the
resistivity, the uniform magnetic susceptibility is dom-
inated by the narrow band eg electrons [7]. Thus we
attribute the cusp in the susceptibility at the MI tran-
sition to the above mentioned Hund coupling of param-
agnetic (eg) and SDW (d
2
z) subsystems. Magnetic fluc-
tuations were observed below TMI and associated with
pre-transitional effects of the low temperature magnetic
transition [8]. Below TX ∼30 K the system exhibits a
long-range magnetic order [9]. The ordering along the
V-chains is ferromagnetic with a long helical modulation
[9]. The magnetic periodicity transversely to the chains
is incommensurate. Although the overall magnetic re-
sponse is often named ”antiferromagnetic” we feel that
the term ”avoided ferromagnetism” (aFM) gives a better
description of the magnetic structure. It is worthy of note
that all other systems from the same family [10, 11, 12]
are incommensurate and exhibit the pure FM order at
low temperatures. That suggests that the aFM order be-
low TX originates from an interplay between the Hund-
coupled FM (eg) order and the SDW (d
2
z) order associ-
ated with the commensurability.
At a critical pressure pcr of 2 GPa the TMI is sup-
pressed and a NFL behavior with a power-law depen-
dence of the resistivity (ρ = ρ0+AT
n) appears [13]. The
microscopic origin of this NFL is not clear. To clarify
the role of the d2z and eg electrons in this state we ap-
ply pressure and magnetic field to tune the interaction
within and in-between these bands. The resistivity in
BaVS3 was thus systematically followed as a function of
pressure, temperature and magnetic field. Based on these
measurements, in this letter we give an interpretation of
the low energy properties of BaVS3, especially above pcr.
Special care was taken to use only high quality single
crystals, since the physics of BaVS3 is quite sensitive to
disorder. Crystals were grown by previously established
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FIG. 1: The low temperature (up to 40 K) part of the resistiv-
ity at 2.03 and 2.7 GPa, presented in the log-log plot, reveals
the power-law dependence (Tn) of the resistivity below 15 K
with coefficients n = 1.5 and n = 1.95, corresponding to the
NFL and FL behaviors, respectively. The arrow denotes Tg
(see text). Inset: Temperature dependence of resistivity for
various pressures showing the suppression of TMI .
Tellurium flux method [14] and carefully characterized
as explained elsewhere [15, 16]. Samples with a typical
size of 2x0.2x0.2 mm3 were mounted into a nonmagnetic
self-clamped pressure cell. The pressure was monitored
in situ using a calibrated InSb pressure gauge. Kerosene
was used as the pressure transmitting medium. The re-
sistivity was measured along the chain direction and the
applied magnetic field is perpendicular to the chains.
The MI transition shifts to lower temperatures on in-
creasing pressure (inset in Fig.1)[15, 17] reaching zero
temperature at pcr. Above this pressure, pcr=1.97GPa,
metallic behavior is observed in the whole temperature
range studied (above 2 K). Up to 15-20 K the resistiv-
ity follows a ρ = ρ0 + AT
n behavior. The power law
coefficient n depends on the sample purity. We empha-
size that in high quality samples n = 1.5, canonical for
a NFL, but it can be as low as 1.1 in impure samples
[13, 16]. Results in Fig.1 demonstrate that the NFL fit
holds up to Tg ≈15 K. There are indications which sug-
gest that Tg is more than just a smooth cross-over tem-
perature. Tg is also the temperature at which the TMI
collapses in the p-T phase diagram (due to its crossing
with TX) and below which additional features appear in
the close vicinity of pcr in pure samples [15], e.g., mag-
netoresistance changes sign, hysteretic behavior in the
conductivity, etc. We associate tentatively Tg with the
transition from the paramagnetic metallic to the ferro-
magnetic metallic state (PM-FM) [15, 16].
The n < 2 NFL power-law dependence of the resistiv-
ity of BaVS3 below Tg and close to pcr is similar to that
found in some heavy fermion compounds, as pointed out
previously [13]. In those systems it is ascribed to the
proximity of a quantum critical point (QCP) associated
with the disappearance at T = 0 of the magnetic order
with the finite wave-vectorQ. NFL behavior is predicted
[18] to occur in the resistivity of the heavy fermion sys-
tems when the energy of the magnetic fluctuations be-
comes less than kBT . This corresponds to the adiabatic
pseudogap regime [19]. In this regime, the conductiv-
ity is dominated by the finite Q magnetic correlations
in the band of the interacting conduction electrons [20].
In BaVS3 the pseudogap which affects the Fermi surface
of the d2z band is associated, in the first place, with the
intraband (d2z) 2kF charge fluctuations. As the CDW is
coupled to the heavy lattice the adiabatic approximation
is even more suitable than in the case of magnetic fluctu-
ations. This is the basis of the analogy of the NFL behav-
ior of our system to heavy fermions. The proposed mech-
anism should be strongly pressure dependent in BaVS3,
as Q-1d fluctuations are. It has to be emphasized that
the relative weight of CDW and SDW fluctuations is not
essential for the NFL behavior of the metallic conductiv-
ity, provided that kBT is sufficiently high to make the
adiabatic approximation valid at least for CDW.
Fig.2 displays the n, A and ρ0 characteristic quantities
deduced from resistivity measurements performed above
pcr. n which is equal to 1.5±0.1 at pcr=2.03 GPa, in-
creases monotonically with pressure to 1.95±0.1 at 2.7
GPa, close to the Fermi-Liquid (FL) value of 2. The
crossover in pressure from the NFL to the FL regime
is clearly depicted through the coefficient A and ρ0, as
well. A(p) shown in Fig.2b decreases when the mate-
rial is driven away from pcr. Similarly, strong pressure
dependence of n and A is also found in the critical re-
gion e.g. in CeIn3 [21]. The residual resistivity ρ0(p)
which describes the behavior of the system in the low
temperature limit also warrants attention. It is usually
not possible to change by pressure or magnetic field the
number and/or configuration of elastic scattering centers
(impurities, defects) which give ρ0 in the material. Nev-
ertheless, the results presented in Fig.2b clearly reveal
a strong pressure dependence of ρ0 and indicate that its
origin is not in the scattering on impurities. The impurity
contribution to ρ0 = 7.25µΩcm is small and it is identi-
fied in the FL phase of BaVS3 at 2.7 GPa. The scaling of
ρ0, A and n with pressure in Fig.2 shows that the same
intrinsic physics is reflected in all these parameters.
These measurements corroborate with our view that
close to the phase boundary, below Tg, substantial CDW
fluctuations (i.e. short range lattice tetramerizations)
still exist in BaVS3 above pcr. They give the NFL char-
acter of the resistivity. It should be noted that the
scattering of the conduction electrons does not distin-
guish at sufficiently large T between the static disorder or
the low frequency dynamical (CDW/SDW fluctuations)
[22]. Since these fluctuations disappear with pressure,
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FIG. 2: Pressure dependence of the (a) resistivity exponent n
(the dashed line is guide to the eye); (b) Pressure dependence
of the prefactor A (red squares) and the ”residual” resistivity
ρ0 (black circles) as the results of the fits ρ = ρ0 + AT
n in
the temperature range 1.7 < T < 15 K.
the NFL behavior switches to a standard FL one [23].
The magnetic field B strongly influences the resistivity
of pure BaVS3 below [15] and above pcr. The magne-
toresistance is radically different deep in the NFL regime
and close to the FL state, as shown in Fig.3. Just above
pcr, well within the NFL regime the magnetoresistance
is negative at low fields (Fig.3a). On increasing field the
domains of fluctuating CDW/SDW (tetramerized phase)
are suppressed, either due to its direct coupling to the
SDW component or due to the Zeeman-splitting of kF of
the CDW [15]. Once these domains disappear the elec-
trons which were involved in CDW/SDW are released,
and improve the conductivity. This effect superimposes
on the spin-dependent magnetoresistance (better align-
ment of eg spins with magnetic field) and results in the
relatively strong negative magnetoresistance at 2 and 4
K. When all d2z electrons involved in CDW formation are
set free (at 9 T) the negative magnetoresistance satu-
rates and reaches its highest absolute value. In this field
range, due to the competition of the two periodicities
associated with the commensurate CDW/SDW and the
metallic FM, the magnetoresistance is associated with
a hysteretic behavior[15, 24]. After the full suppression
of the commensurate CDW/SDW domains and the con-
comitant polarization of all spins (at 9 T) the hysteresis
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FIG. 3: Isothermal magnetoresistance curve recorded at dif-
ferent temperatures and pressures. (a) The 2 and 4 K curves
at 2.04 GPa. The direction of the evolution of the magnetic
field is denoted by green arrows; (b) Curves taken at 2.75
GPa for several temperatures. The black arrows indicates
the position of the dip at various temperatures.
disappears. Above 9 T the orbital contribution to the
magnetoresistance takes over and it tends towards pos-
itive values. On the other hand as the FL state is ap-
proached by increasing pressure the magnetoresistance
changes its character. Already at 2.15 GPa (n=1.8, be-
low Tg) the magnetoresistance is positive (not shown),
and increases monotonically up to 9 T. However it does
so with a slightly weaker slope compared to that at 2.7
GPa in the nearly FL state shown in Fig.3b, which we
now elaborate upon. As in conventional metals, ∆ρ/ρ
coming from orbital motion, satisfies Kohler’s rule, that
is ∆ρ/ρ=f(B/ρ)(Fig.4). The fact that magnetoresistance
taken at different temperatures scales together at low
fields means that the underlying band structure, the car-
rier density, and the (constant) scattering rate do not
change appreciably with the field. However, the differ-
ence in the Kohler plot with respect to conventional met-
als is that the magnetoresistivity starts to deviate from
pure quadratic field dependence as the field is increased
resulting in a dip at ≈9 T (for the curve taken at 4K).
Such a behavior can be described along the lines dis-
cussed for magnetoresistance at lower pressures (neglect-
ing the hysteresis) and for the NFL to FL crossover of
the transport coefficients n, A and ρ0 (Fig.2). The pos-
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FIG. 4: Kohler’s plot of the isothermal magnetoresistance
curves recorded at different temperatures and pressures, pre-
sented in Fig.3. At magnetic fields below 9T, the magnetore-
sistance satisfies Kohler’s law.
itive contribution to magnetoresistance is predominately
originating, like in conventional metals, from the circula-
tion around the Fermi surface of the electrons available at
B = 0 T for a given pressure. The negative contribution,
causing the deviation from simple quadratic behavior is
associated here, in particular, to the field suppression of
the pseudogap from the Fermi surface. This liberates
the remaining electrons and consequently decreases the
resistivity. Beyond the dip, when the carrier density sat-
urates at the maximal value, only the positive Kohler-like
term is present. This can include the slow variation of
the scattering rate of the d2z electrons on the spin dis-
order of the eg electrons with the field. The main lines
of the magnetoresistance behavior are thus brought into
qualitative agreement with our interpretation of the NFL
to FL crossover and with the suggested pressure depen-
dences of TMI and TX (replaced by Tg at pressure above
pcr).
Inspection of Figs.3a and 3b reveals that B0 is weakly
dependent on pressure and increases somewhat with tem-
perature. Between 2K and 15KB0 changes from 8 to 12T
respectively (see Fig.3b). This corroborates the assump-
tion that FM is present below 15K and indicates that the
T ≈0 local Weiss field is around 3T.
The magnetoresistance data of Fig.3 show that there
is a strong interaction between the d2z and eg electrons.
Although the spin configuration of the eg electrons in-
fluences substantially the propagation of the charges, it
is not the interaction which gives the NFL behavior at
pressures close to the critical one. This behavior is solely
attributed to the scattering on CDW fluctuations.
In conclusion we claim that BaVS3 represents a spe-
cial class of multiband NFL materials. In some heavy
fermion systems the interactions are strong within the
conduction band, hybridized in turn with the narrow f-
state carrying the spin. These strong interactions induce
the correlations which are reflected in the overall behav-
ior of the system [20, 25]. It is however difficult to tune
the strong interactions in the conduction band over a
broad range by pressure or magnetic field. In BaVS3 the
weak interactions within the 2 eV wide 1d d2z band gener-
ate the corresponding 1d CDW/SDW fluctuations. Just
above pcr, the long-range ordered CDW/SDW state is
precluded by the pressure but the Fermi surface is still
pseudo-gapped with hot spots analogous to the heavy
fermion systems [20]. In both cases the result is the
NFL behavior. Eventually high pressure removes the
1d fluctuations entirely and establishes the FL behav-
ior. The present magnetoresistance measurements mimic
the NFL to FL cross-over. Further investigations of the
picture proposed here are nevertheless required to probe
the CDW fluctuations and magnetic correlations at high
pressures more directly than the resistivity and magne-
toresistivity measured here.
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